Acetylcholine receptors (AChRs) are present at the top of the postsynaptic membrane of the neuromuscular junction (NMJ) at very high density, possibly anchored to cytoskeletal elements. The present study investigated whether AChR degradation is affected in animals lacking dystrophin, a protein that is an integral part of the cytoskeletal complex and is missing in Duchenne muscular dystrophy. The animal model for Duchenne muscular dystrophy, the mutant mdx mouse, was used to determine whether disruption of the cytoskeleton, caused by the absence of dystrophin, affects AChR degradation. Of the two populations of junctional AChRs, Rs (expressed in innervated adult muscles) and Rr (expressed in embryonic or denervated muscles), only Rs are affected in mdx animals. In innervated mdx soleus, diaphragm, and sternomastoid muscles, the AChRs have an accelerated degradation rate (t 1/2 of ϳ3-5 d), similar to that acquired by Rs in control muscles after denervation. The Rs in mdx NMJs do not accelerate further when the muscles are denervated. The absence of dystrophin does not affect the degradation rate of the Rr AChRs (t 1/2 of 1 d), which are expressed after denervation in mdx as in control muscles. These results suggest that dystrophin or an intact cytoskeletal complex may be required for neuronal stabilization of Rs receptors at the adult neuromuscular junctions.
The metabolic degradation of acetylcholine receptors (AChRs) at the vertebrate neuromuscular junction (NMJ) is under neuronal regulation (for review, see Salpeter, 1987) . AChRs, synthesized and inserted in normal innervated adult muscles, have a slow degradation rate (t 1/2 of 8 -10 d). These receptors (called Rs) accelerate to a t 1/2 ϳ3-5d after denervation but are restabilized by reinnervation (Salpeter et al., 1986; Andreose et al., 1993) . As the accelerated Rs degrade after denervation, they are replaced by AChRs newly synthesized in the denervated muscle (Shyng and Salpeter, 1989) , 90% of which are Rr (t 1/2 ϳ1 d). Reinnervation does not stabilize the Rr to adult innervated Rs values (Shyng and Salpeter, 1990) , although recent studies indicate that reinnervation can stabilize Rr to the intermediate t 1/2 of ϳ3 d (M. M. Salpeter and M. Szabo, unpublished results) . Eventually, however, Rr are downregulated by innervation (Fumagalli et al., 1990; Andreose et al., 1993) . The mechanism by which the nerve differentially regulates Rs and Rr degradation is not yet known, but both muscle activity and trophic factors seem to be involved (Avila et al., 1989; Garcia et al., 1990; Shyng et al., 1991; Andreose et al., 1993; O'Malley et al., 1993 O'Malley et al., , 1997 Xu and Salpeter, 1995) .
AChRs are anchored at the NMJ through a cytoskeletal network (for review, see Froehner, 1986; Hall and Sanes, 1993; Matsumura and C ampbell, 1994; . One protein that is part of this cytoskeletal network is dystrophin, the 400 kDa protein from a gene missing in Duchenne muscular dystrophic patients Koenig et al., 1987) and in the mutant mdx mice (Sicinski et al., 1989) . The C termini of dystrophin and utrophin, a dystrophin-related protein Bewick et al., 1992; Lebart et al., 1995) , bind to a complex of glycoproteins that contain transmembrane components and link the subsarcolemmal cytoskeleton to the basal lamina (Ervasti and Campbell, 1991; Matsumura and Campbell, 1994) . The dystrophin-associated glycoprotein complex may also be associated with rapsyn (the 43 kDa protein) that colocalizes with AChRs (Burden et al., 1983; . AChRs may also be connected with other cytoskeletal proteins, such as Factin, through a 58 kDa protein/syntrophin and ␤-spectrin (Froehner et al., 1987; Bloch and Pumplin, 1988; Bloch and Morrow, 1989; Bloch et al., 1991) . F-actin, in turn, is linked to dystrophin (Lebart et al., 1995) . AChR stability may be associated with cytoskeletal anchoring (Salpeter and Loring, 1985) ; however, the role of individual cytoskeletal proteins in this process is not known.
In the present study we examined the role of dystrophin in AChR degradation by comparing mdx and normal muscles from the same mouse strain (C57BL10). In the mutant animals there is a marked effect on the stability of the Rs AChRs, synthesized in innervated muscle, but not on the Rr, expressed after denervation. The degradation rates of Rs AChRs in innervated adult mdx mouse muscles were significantly faster than those in the controls, resembling the values normally seen for Rs after denervation. Our results suggest that dystrophin (or its cytoskeletal complex) is required for neuronal stabilization of Rs receptors in adult muscles.
MATERIALS AND METHODS

Degradation of AChR s in adult muscles.
Female (10 -12 weeks old) md x mice and controls from the same mouse strain (C57BL10; Jackson Laboratory, Bar Harbor, M E) were bred in our animal facility. [We confirmed by Western blot analysis with an antibody against the dystro-phin C terminal (Novacastra, Burlingame, C a) that the md x mice used in this study did indeed lack dystrophin.] Diaphragm, soleus, and sternomastoid muscles were denervated in each mouse, following the Cornell Guidelines approved by the Cornell University Animal C are and Use Committee (protocol 90-109-97) . The left hemi-diaphragms were denervated under ether/methoxyflurane anesthesia (Xu and Salpeter, 1995) by pulling out the left phrenic nerve with a glass hook inserted through a small incision in the thoracic wall and cutting a piece of the exposed nerve. The right sternomastoid and soleus muscles were denervated under nembutal anesthesia by cutting out a section of the nerve (spinal accessory or sciatic) and tucking the stump under an adjacent muscle. Innervated muscles were compared with contralateral denervated ones.
Selective labeling of R s or R r in vivo. To selectively label only the Rs AChRs present in innervated muscle, the mice were injected intraperitoneally with 150 l of 0.5 M 125 I-␣-bungarotoxin ( 125 I-␣-BTX) (DuPont N EN, Boston, M A) at the time of denervation, before any R r are inserted. By this injection procedure ϳ60% of the surface AChRs on mouse diaphragms were labeled (Wetzel and Salpeter, 1991) . For labeling R r, the left diaphragm muscles were denervated in both control and md x mice. T wenty-one days later, when the preexisting Rs have degraded and the receptors are predominantly newly synthesized R r (Shyng et al., 1991) , the receptors were labeled with 150 l of 0.5 M 125 I-␣-BTX, injected intraperitoneally as described above.
Determining degradation rates. At different days after labeling, the mice were killed by cervical dislocation under ether anesthesia and perf used transcardially with 0.1 M phosphate buffer. Muscles were removed, washed, and counted on a gamma counter (Beckman). The radioactivity remaining on the muscle at different days after labeling was normalized to 100% on day 2 and plotted semilogarithmically. A least squares fit was then used to determine whether the data fit a single or double exponential as described previously (O'Malley et al., 1997) . The slope(s) of such plots gives the degradation rates of the AChR populations (Fambrough, 1979; Salpeter, 1987) , and the intercept on the y-axis gives their relative content.
Organ culture. Organ culture was used to study the effect of altering external factors on both Rs and R r degradation in adult denervated muscles. We used diaphragm muscles in organ culture because they are thin and flat enough to allow chemicals to penetrate through the tissue (Somerville and Wang, 1988) and because our earlier studies on the effect of elevating cAM P levels was performed on these muscles (Shyng et al., 1991; Xu and Salpeter, 1995) . To prepare diaphragms for organ culture, the mice were cervically dislocated under ether anesthesia and perf used transcardially with oxygenated Kreb's buffer (125 mM NaC l, 4.7 mM KC l, 20 mM H EPES, 5.5 mM D-glucose, pH 7.4), and their diaphragms were removed, washed, and pinned to a mesh attached to Sylgard dishes (Wollcott-Park, Rochester, N Y). The organ culture medium was as optimized by Wetzel and Salpeter (1991) . The medium was changed daily, and the radioactivity released into it was counted in a gamma counter (Beckman). On the last day, residual radioactivity remaining on the muscles was also counted, and the sum of all the daily counts gave the total radioactivity on day 0. Residual radioactivity for each successive day was calculated by successive subtractions of the daily releases as described in Xu and Salpeter (1995) . When residual radioactivity remaining on muscles with time after labeling is plotted on a semi-log scale, the slope gives a degradation rate as described above.
The effect of elevating intracellular cAM P was determined by adding cAM P analog, dibutyryl cAMP (dB-cAM P; 500 M) (Sigma, St. L ouis, MO), or the adenylate cyclase activator forskolin (40 M) (C albiochem, La Jolla, CA) to the medium daily starting on day 3 in culture.
Primar y cell culture. Primary cell culture was used to study R r AChRs. Leg muscles were excised from decapitated, 4-week old md x and control mice. C ell cultures were prepared according to O'Malley et al. (1993 O'Malley et al. ( , 1996 , with minor modifications. Briefly, the muscles were digested in 0.1% collagenase (Sigma) in Kreb's buffer at 37°C for 2-3 hr and plated in DM EM (Life Technologies, Grand Island, N Y) supplemented with penicillin (200 U/ml) and streptomycin (200 g /ml) with 10% FBS (Life Technologies) for 3 d before changing to DM EM f usion medium containing 5% horse serum (Life Technologies) (Dickson et al., 1992) . On day 3 the AChRs were incubated with 1 nM 125 I-␣-BTX in 1 ml of Kreb's buffer for 1 hr and washed five times (ϳ5 min each) in the buffer. Nonspecific binding was determined by adding 1 M nonradioactive ␣-BTX. The f usion medium was removed daily, counted on a gamma counter, and replaced by fresh medium. On day 8, the medium as well as the cells were counted, the nonspecific binding was subtracted from the specific binding, and a degradation curve was obtained as described for cells in organ culture.
E xperimental manipulations included adding dB-cAM P (500 M) into the culture medium daily, starting on the day of labeling. Data were normalized to 100% on day 0 and fitted to two exponentials according to O'Malley et al. (1993) .
cA MP assay. Diaphragm, soleus, and sternomastoid muscles were removed, the two halves of the diaphragm were separated, and all the muscles were placed in organ culture as described above for diaphragm muscles. Muscles from one side were treated with 40 M forskolin, whereas those from the contralateral side were kept as an untreated control. On the next day, the muscles were washed and ground in lysis buffer (Tris 20 mM, EDTA 2 mM, leupeptin 25 g /ml, aprotinin 2 g /ml, pepstatin 10 g /ml, Pefabloc 1 mM, 3-isobutyl-methyl-xanthine 0.5 mM, pH 7.2) and then centrif uged for 30 min (10,000 ϫ g) at 4°C. The supernatant was assayed for protein concentration (Bradford), and the cAM P concentration in the supernatant was assayed on the basis of competitive immunoprecipitation using a cAM P assay kit (DuPont N EN). The amount of cAM P was expressed as picomole per milligram of soluble proteins.
RESULTS
Rs degradation
Before denervation, Rs AChRs were labeled on sternomastoid, soleus, and diaphragm muscles. The degradation curves showed that in all three innervated muscles the Rs degradation rate was faster in mdx than in control muscles (Table 1, Fig. 1 ). For studies on the behavior of such preexisting Rs after denervation, mice were injected with 125 I-␣-BTX at the time of denervation (before The degradation rates were obtained from the slope of the best fit to the pooled data as described in the text. Muscles used for these experiments ranged from 3 to 8 for the control mice and 3 to 11 for the mdx mice. Figure 1 . In vivo degradation rates of Rs AChRs in soleus muscles are faster in md x (E) than in control (F) muscles. AChRs were labeled with 125 I-␣-BTX and counted at different days thereafter. The slope of residual radioactivity on a semi-log plot gives the rate of AChR degradation. Each data point is presented as mean Ϯ SEM (n ϭ Ն3).
any Rr AChRs were inserted), and the degradation rates of AChRs on the denervated muscles were compared with those on the contralateral innervated muscles. Because of a shortage of mdx muscles, not all time points were included in each experiment, yet all obtained a value for day 2, which was normalized to 100%. The data from different experiments could thus be pooled. The number of muscles used at each data point varies from 3 to 10. The degradation rate of the Rs AChRs in innervated mdx soleus muscles had a t 1/2 of 4.4 d compared with 12.7 d in controls (Fig. 1) and was similar to that seen for preexisting Rs in controls after denervation (Fig. 2) . Furthermore, although the Rs in the control soleus muscles accelerated with a ϳ5 d delay after denervation, as described previously for these muscles (Bevan and Steinbach, 1983; Andreose et al., 1993) , the Rs on mdx muscles did not accelerate f urther after denervation but maintained their already accelerated predenervation degradation values.
Although the absolute Rs degradation rate was higher in the denervated diaphragms than in the denervated soleus or sternomastoid muscles, similar innervation /denervation ratios were seen in all three muscles (Table 1) . In all cases, the accelerated Rs in md x animals degraded with a single exponential, and there was no indication that a second more rapidly degrading R r population was present. Thus in the NMJs of both the innervated mdx muscles and in controls, the junctional AChRs consist of a single population of Rs, yet the neuronal stabilization of the Rs, usually seen in normal innervated muscles, is absent in md x mice.
Rr degradation
To determine whether the lack of dystrophin has a general effect on all AChRs or is restricted to Rs only, we examined the degradation rate of Rr AChRs that are synthesized after denervation and in tissue-cultured muscle. For that purpose, we used organ culture to study AChRs on long-term (21 d) denervated diaphragms and tissue culture to study the AChRs on aneural myotubes derived from leg muscles. In both systems the AChRs had the two component degradation curves characteristic of AChRs synthesized in noninnervated muscle (Shyng and Salpeter, 1990; O'Malley et al., 1993 O'Malley et al., , 1997 . We saw no difference between mdx and control muscles in the degradation rates of either the fast component Rr or the small (10%) slow component of accelerated Rs, normally seen in such muscles (Figs. 3, 5) . These results show that the absence of dystrophin does not influence Rr degradation in either tissue-cultured or long-term denervated muscles and seems only to prevent the neuronal stabilization of Rs in innervated muscles.
Stabilization of Rs AChRs by cAMP in mdx muscles
As indicated above and in Figures 1 and 2 , Rs AChRs in mdx muscles are in the accelerated form even in innervated adult The degradation rates of R r AChRs are the same in mdx as in control muscles. A, Leg muscles in cell culture (3 experiments with 6 dishes each); B, long-term denervated diaphragm muscles in organ culture: control (F) (n ϭ 4) and md x (E) (n ϭ 3) mice. Overall the degradation rate of R r in denervated muscles in organ culture is slower than that in tissue-cultured muscles, but in both systems there is no difference between R r in control and md x muscle. Data points are mean Ϯ SEM. In all figures, SEM is not seen when smaller than symbol. muscles, resembling that usually seen for preexisting AChRs after denervation. The mechanism whereby Rs is destabilized in adult md x innervated muscle and how (or whether) dystrophin affects this is not known. Previous work (Shyng et al., 1991) has shown that elevation of intracellular cAM P in denervated muscles by both dB-cAM P and forskolin can mimic the effect of innervation in stabilizing accelerated Rs through a protein kinase A (PKA)-dependent pathway (Xu and Salpeter, 1995) . We reasoned that if md x muscles lack the target for cAM P, this could explain why md x Rs are not stable even in innervated muscles. Using diaphragm muscles in organ culture, we examined the effect of dB-cAM P and forskolin on the accelerated Rs receptors in mdx muscles labeled at the time of denervation. Figure 4 shows that 500 M dB-cAM P was able to stabilize the accelerated Rs receptors in md x muscles, as shown previously for normal muscles (Shyng et al., 1991; Xu and Salpeter, 1995) . In addition, as seen previously in cultures from albino rats (O'Malley et al., 1993) , dB-cAM P was able to stabilize the Rs receptors (ϳ10% of total population) on md x muscles in cell culture (Fig.  5A,B) without affecting the R r population. These results show that Rs in md x muscles are capable of responding to elevation of intracellular cAM P, and therefore the dB-cAM P regulating pathway is intact in the md x muscles.
Because elevation of cAM P was able to stabilize the receptors in md x muscles, we asked whether in the dystrophin-deficient mdx mice other proteins, such as adenylate cyclase, which regulates the synthesis of cAM P in vivo, may be affected. Earlier reports had indeed suggested that adenylate cyclase in dystrophic muscles were insensitive to stimulation by catecholamines or sodium fluoride (Witkowski, 1986) . We therefore tested the effect of the adenylate cyclase activator forskolin on the degradation rate of the receptors in denervated diaphragm muscles. We found that forskolin was able to stabilize the accelerated receptors in mdx as in control muscles (Fig. 6) . Thus the adenylate cyclase pathway for stabilizing Rs was f unctioning in md x muscles, although as suggested by Witkowski (1986) , the sensitivity to all factors may not be as in controls.
cAMP levels in mdx mice
Using the in vitro cAMP assay described in Materials and Methods, we determined the basal level of cAMP in the innervated mdx muscles, and the extent to which forskolin treatment elevates the cAMP levels, and found them to be as in controls (Fig. 7) . Similar results were also obtained in diaphragms and sternomastoid muscles (Table 2) . Therefore, it is unlikely that the fast degradation rate of AChRs in mdx muscles is caused by a lower level or the lack of responsiveness of cAMP.
DISCUSSION
AChRs at adult mouse NMJs can be divided into two populations, Rs and Rr, on the basis of their degradation behavior. The Rs are synthesized mainly in innervated muscle and are maintained in a stable form by the presence of the nerve. In the absence of the nerve, as after denervation, the Rs are in an accelerated form (t 1/2 of ϳ3-5 d). At no time do the Rs go to a t 1/2 of 1 d, which is characteristic of embryonic receptors (Levitt and Salpeter, 1981; Stiles and Salpeter, 1997) . The Rr (t 1/2 of 1 d) are synthesized in denervated muscle. In general the degradation Figure 4 . dB-cAMP stabilized Rs AChRs in denervated md x muscle. Adult innervated mdx diaphragm muscles were labeled with 125 I-␣-BTX at time of denervation to selectively label Rs. Muscles were placed in organ culture 6 d later, at a time when the control Rs had already undergone denervation-induced acceleration. dB-cAM P (500 M) was added daily from day 3. Spontaneous fibrillation was used to verif y muscle viability. Residual radioactivity, normalized to 100% on day 3 and plotted on a semi-log scale, gives the degradation rate from the slope. dBcAM P stabilized the degradation rate of the md x Rs receptors to that of innervated controls (Table 1) . Each data point is mean Ϯ SEM (n ϭ Ն3). Figure 5 . dB-cAM P stabilizes the slow component (Rs AChR) of mdx muscles labeled on day 6 in cell culture. A, The degradation data are best fit (least squares) by the sum (solid line) of two exponentials: 90% constitutes a fast component (R r; t 1/2 ϳ14 hr) and 10% a slow component (accelerated Rs; t 1/2 of 3.4 d); B, dB-cAM P stabilized the slow component to a t 1/2 of 9.7 d without affecting the fast component or altering the ratio of the two populations. Data points are mean Ϯ SEM (n ϭ 6).
curve of AChRs synthesized in denervated muscle is characterized by a double exponential decay (Shyng and Salpeter, 1990) , indicating that more than one AChR population is present (e.g., Figs. 3, 5) . These consist of the embryonic R r (90% of total) and a small slower component, behaving as accelerated Rs (10% of total).
We report that the degradation of Rs in innervated muscle is aberrant in md x mice, but no defect was seen in the Rr or accelerated Rs of denervated muscle. The degradation rate of Rs in innervated adult md x muscle resembles that of accelerated Rs seen after denervation in normal muscle and does not accelerate further after denervation. Yet in respect to the AChR species being synthesized, the innervated md x NMJ does not resemble the denervated junction. The Rs in innervated md x muscle constitute a single population, with no indication of more rapidly degrading AChRs being present (compare Figs. 1 and 5) . Thus the md x animal seems to lack the neural mechanism whereby the nerve keeps the adult innervated Rs AChRs in its stabilized form. This suggests that neuronal stabilization of adult AChRs may require the presence of dystrophin or the integrity of the cytoskeletal matrix that includes dystrophin.
Unfortunately we were not able to determine any mechanism whereby dystrophin is involved in normal Rs stabilization and can only speculate on possible defects in md x mice associated directly or indirectly with dystrophin. Normally dystrophin is distributed throughout muscle fibers but is concentrated at the NMJ (Watkins et al., 1988) , particularly in synaptic troughs (Byers et al., 1991; Sealock et al., 1991; Bewick et al., 1992) in which the receptor density is low (Fertuck and Salpeter, 1974; Salpeter et al., 1984) . Therefore, dystrophin is unlikely to anchor AChRs directly. Rather, dystrophin may affect the overall architecture of the NMJ, which may affect AChR trapping sites. Dystrophin is associated with a large glycoprotein complex (DGC) involving many components linking the cytoskeleton to the extracellular basal lamina (for review, see Matsumura and Campbell, 1994) . Much of this DGC is disrupted in mdx animals (Ohlendieck and Campbell, 1991) , possibly reducing the structural integrity in the NMJ. One indication of this may be that in mdx mice the complexity of the NMJ is greatly reduced and the folds are Figure 6 . Forskolin, the activator of adenylate cyclase, stabilizes the AChRs in both control ( A) and md x ( B) diaphragm muscles in organ culture. Diaphragm muscles were treated with 40 M forskolin, starting on day 3 (n ϭ 6). In both cultures, the half-lives of the AChRs doubled after forskolin treatment. Figure 7 . md x and control muscles have the same amount of cAMP in innervated soleus muscles, and their adenylate cyclase can be activated equally with forskolin. In md x muscles, there was 40 Ϯ 12 pmol/mg soluble cAM P protein (mean Ϯ SEM; n ϭ 3) compared with 35 Ϯ 2.4 pmol /mg cAM P soluble protein (mean Ϯ SEM; n ϭ 3) in controls. Treatment with 40 M forskolin overnight caused the cAMP level to increase to 337 Ϯ 49 pmol /mg soluble protein (average Ϯ range; n ϭ 2) in md x muscles and to 298 Ϯ 93 pmol /mg soluble protein (average Ϯ range; n ϭ 2) in controls. shallower and much less regular (Torres and Duchen, 1987) . Although AChR density is reported to be relatively normal in md x mice despite a lack of dystrophin (Lyons and Slater, 1991) , no information is yet available on the fine structural distribution of the AChRs on such disrupted folds. If the steady-state AChR density is indeed unaffected in md x animals as reported by Lyons and Slater (1991) , the fast degradation rate of AChRs in innervated md x muscles must be compensated for by an increased synthesis of AChRs. In fact, total protein turnover has been reported to be elevated in md x muscles (Witkowski, 1986; MacLennan and Edwards, 1990; MacLennan et al., 1991; Kämper and Rodemann, 1992) . Future studies on the distribution and insertion rates of AChRs on md x muscles should help resolve this issue.
The lack of dystrophin and the reduction of dystrophin-related proteins (Ohlendieck and C ampbell, 1991) may also weaken the mechanical stability of the postsynaptic membrane (Pasternak et al., 1995) . Compared with controls, the deformation of the mdx myotube membrane is much more pronounced in response to hypo-osmotic treatment (Menke and Jockusch, 1991) . The membrane of md x muscles is also leakier to C a 2ϩ , resulting in an elevation of intracellular free C a 2ϩ (T urner et al., 1988, 1993 ) and muscle fiber degeneration (Leonard and Salpeter, 1979) , which is a marked feature of human Duchenne muscular dystrophy (Moser, 1984) .
One must consider the possibility that the apparent fast degradation rate of AChRs in innervated md x muscles may be attributable to nonspecific degeneration of muscle fibers or that it may reflect a combination of adult (Rs) and embryonic (R r) receptors, because R r may be synthesized in the regenerating fibers. mdx mouse muscles begin a major cycle of degeneration and regeneration that stabilizes in most muscles by 10 weeks of age (Settles et al., 1996) . The mice we used were between 10 and 12 weeks of age, which is when the majority of muscle fibers is resistant to additional degradation (Karpati et al., 1988) . Furthermore, even after 12 d in organ culture, md x muscles were still healthy and fibrillating. Most importantly, if some R r (t 1/2 ϳ1 d) were present, they would be mostly degraded by 3-4 d, and we would have seen two components in our degradation curves, as is seen for receptors inserted in denervated muscles (Shyng and Salpeter, 1990 ). This was not the case.
Because in mdx mice the elevation of cAMP and the activation of adenylate cyclase are still capable of stabilizing Rs, it is possible that the lack of Rs stabilization in innervated mdx muscles is upstream, at the level of neural trophic factors. Although adenylate cyclase can be activated by forskolin, it may not respond to some relevant neurotrophic factors, just as it is insensitive to catecholamines and sodium fluorides (Witkowski, 1986) . One such possible neurotrophic factor is calcitonin gene-related peptide (CGRP), a 37 amino acid peptide that elevates intracellular cAMP Changeux, 1987, 1989; Miles et al., 1989; Crook and Yabu, 1992 ). CGRP appears in dense-core vesicles coexisting with ACh vesicles, and its release from the nerve terminal is Ca 2ϩ -dependent (Caldero et al., 1992; Sala et al., 1995) . Additional research is needed to determine whether in mdx muscles there are defects in the release of or response to CGRP or of another yet unidentified trophic factor.
The challenge is now to discern how the regulation of adult muscle AChR degradation is affected by the presence or absence of dystrophin.
